Abstract. Geant4 is one of the most powerful tools for MC simulation of detectors and their applications. We present a student project to simulate a combined Transcranial Magnetic StimulationPositron Emission Tomography (TMS-PET) system using Geant4. This project aims to study PET-TMS systems by implementing a model for the brain response to the TMS pulse and studying the simulated PET response. In order to increase the speed of the simulations we parallelise our programs and investigate the possibility of using GRID computing.
Introduction: Transcranial Magnetic stimulation (TMS) is a unique tool for noninvasive manipulation of neuronal activity in the human cerebral cortex. Rapid switching of a strong magnetic field (using a coil placed over a subject's head) can be used to stimulate the underlying cortical tissue [1, 2] . There is a large body of evidence describing functional alterations of the brain associated with mental disorders, such as hyperactive or sluggish zones. If correctly applied, TMS could calm or excite the brain activities in specific areas, hence reducing mental disorders. Positron Emission Tomography (PET) is a non invasive diagnostic technique to measure neuronal activity of the brain and could therefore be used to observe effects of TMS. It works by identifying zones of increased sugar consumption (i.e. increased metabolism) through the detection of concentrations of an injected radio-pharmaceutical compound such as fluoro-deoxy-glucose(FDG) labelled with a β + emitting radio-nuclide ( 18 F). From the signals collected the β + emission point is reconstructed using computed tomography [3, 4] . TMS-PET applications are therefore of particular interest as they allow to monitor the effects of the TMS pulses in the patient [6, 7] .
The simulation of PET systems using geant4 [5] is a well developed area. However the simulation of the path of the TMS induced currents (and hence its effective stimulation target) are hard to model due to the complex structure of the brain as a conductor. By implementing a model for the response to the TMS pulse and studying the simulated PET response, students can help develop an understanding of the activation zone of pulses. 
TMS-PET studies:
We designed a TMS+PET system with Helmotz bobines, a head phantom, and a surrounding scintillator PET device (see fig. 1 (left) ). The complex nature of the brain will require detailed modelling of internal substructures, increasing the simulation computing time. As a first step, in order to cut simulation times we parallelized our programs using TOPC [8] in a local cluster. Fig. 1 (right) , shows how the computing time is reduced by 5 when the number of cores is increased by 8. Even with the parallelisation the computing times will be huge, therefore the project is developed inside a GRID (geographically distributed computing) framework [9] .
Results and Conclusions:
The Geant4 simulated TMS-PET device will serve to gain an insight into how TMS and PET work together and help improve future devices. Different kind of bobines and magnetic pulses are being tested. The next physics step will be to implement models for the effect of TMS in the brain. We parallelised the programs with TOPC and tested the performance for different number of computer cores. The next computing step is to include this simulation inside a GRID system.
